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(54) Adduct protection assay 

(57) The present invention features an adduct pro- 
tection assay involving the use of a labelled binding 
partner and a signal altering figand. The signal altering 
Itgand can preferentially alter the ability of label which is 
not part of a binding partner :analyte complex to pro- 
duce a detectable signal, compared to its ability to alter 
signal produced from label which is part of a binding 
partner anatyte complex. The presence or amount of 
analyte can be determined by detecting the signal pro- 
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duced from unaltered label. The adduct protection 
assay is very versatile. Fa example, alteration of signal 
can be carried out under a wide range of conditions 
(e.g.. pH, temperature, and ionic strength), and both 
label alteration and signal triggering can be carried out 
at essentially constant temperature to achieve a high 
degree of sensitivity. 
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Description 

FIELD OF THE INVENTION f "* 

5 The present invention features methods for assaying the presence or amount of an anaryte in a sample. 
BACKGROUND OF THE INVENTION 

Assaying for the presence or amount of an anaryte in a sample can provide valuable information such as whether 

10 a particular organism, gene, or protein is present in the sample Anaryte assaying can be performed using a binding 
partner able to recognize and bind a characteristic portion of the anaryte. For example, labelled antibodies and oligonu- 
cleotide probes can be used in diagnostic assays to detect the presence of an organism, gene, or protein in a sample. 

An oligonucleotide probe can hybridize to a complementary target nucleic acid sequence allowing for detection of 
the target nucleic acid sequence Detecting the presence or amount of a target nucleic acid sequence can be used m 

is different types of assays including the following: detecting the presence of a microorganism or group of microorganisms 
in a sample by probeng for a nucleic acid sequence characteristic of the rrrcroorgarasm or group of microorganisms 
(e.g., Hogan et al. t entitled "Nucleic Acid Probes for Detection and/or Quantitation of Non-Viral Organisms, 0 Interna- 
tional Application No. PCT/US88/03009, International Pubfication No. WO 88/03957, (hereby incorporated by reference 
herein); detecting the presence of a virus by probing for a sequence characteristic of the virus (e.g^ CvfcDonough et a/., 

20 entitled "Detection of Human Imnrninodeftciency Virus Type 1 ,° International Application No. PCTAJS94/03130, tnterna- 
tional Publication No. WO 94y23089, and McDonough et a/., entitled "Nucleic Acid Amplification Oligonucleotides and 
Probes to Human Hepatitis B Virus 0 International Application No PCT/US93/04004. International Publication No. WO 
93/22469 (both of these references are hereby incorporated by reference herein); and detecting whether a particular 
nudeic add sequence is accessible for hybridization to a complementary oligonucleotide (e.g.. Nelson et a/., entitled 

25 "Oligonucleotide Screening Assay" International Application No. PCTAJS94/08024. International Publication No. VvO 
95/03427 (hereby incorporate by reference herein). 

Different labels and assay formats can be used to detect the presence or amount of an anaryte in a sample. Exam- 
ples off detectable labels include radioisotopes, fluorescent moieties, cherrfluminescent moieties, enzymes, enzyme 
substrates and ligands. 

30 Overall, assay formats can be characterized as being "heterogenous" ox "homogenous 0 depending upon whether 
binding partner bound to the anaryte is physically separated from ttircSng partner not bound to anaryte. Heterogenous 
assays involve physical separation otbtofing K&rtngr bourn? to anaryte from birtiiro) parfrer re bound to anaryte and 
can be carried out, for example, using supports for binding either binding partner bound to anaryte or binding partner 
not bound to analyta For example, Arnotd et a/.. International Application No. PCT/US88TO0550, Publication Na WO 

35 88/08633 illustrate the use of polycattontc supports which can be used in a physical separation step involving poiynu- 
deofides and mention other supports which can be used for physical separation of polynudeotides; and Harlow era/., 
Antibodies; A Laboratory Manual, Cold Spring Harbor Laboratory, 1988, describe a sandwich assay where an antibody 
bound to a support binds the anaryte and the anaryte is then detected using another arrtfccdy, where unbound contam- 
inates are washed from the sdtd support (Both off these references are hereby incorporated by reference herein.) 

40 Examples off assays which can be carried out in a homogenous manner indude immunoassays descrfced by U.S. 
Patent Nos. 3,654,080, 3,817,837, and 4,190,498; assays using chranophores containing fluorescer/quencher pairs 
described by US. Patent Nos. 4,199,559, 4.174,384, and 4.318,707; assays employing a conjugate formed off a specific 
binding partner substance coupled to a cherreluminescent reactant where the activity of the chemflurrnnescent reactarti 
is affected by reaction between the specific bending substance in the conjugate and a specific binding counterpart, as 

45 described by Bogus!as& et a/., US. Patent No. 4,383,031 ; assays involving polarization fluorescence as described in 
U.S. Patent Na 4,668,640; assays using a double probe involving a first probe labelled with a catalyst and a second 
probe containing an apoluminescer as described by U.S. Patent Ma 4.670,379; assays using an energy transfer system 
as described by Bazar et a/., European Patent Application No. 85105130.0, Publication Na 0 159 71 9; assays using a 
chem3uminescerrt moiety and an absorber/erratter moiety, as described by Hefler et a/,, European Patent Application 

so Na 82303699.1, Publication Na 0 070 685, and Morrison et a/., European Patent Application Na 82303700.7, Euro- 
pean Publication Na 0 070 686; and assays using a label as described by Arnold et a/., US. Patent Na 5,283,174, Nel- 
son et a/., "Detection Of Aaidirnum Esters By Chenrnlumsnescence" in: Nonisotonic DNA Probe Techniques. (Kricfca 
ed, Academic Press, 1992) pp. 275-311. Nelson et a!.. Clin. Chem. Acta 794:73-90. 1990, and AmoM et a/., CUn. 
Chem. 35:1588-1594. 1989 (each of the references mentioned in this paragraph are hereby incorporated by reference 

55 herein). 

SUMMARY OF THE INVENTION 

The present invention features an adduct protection assay involving the use of a labelled binding partner and a ag- 
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nal altering ligand The signal altering ligand can preferentially alter the ability of label which is not part of a binding part- 
ner ranalyte complex to produce a detectable signal, compared to Hs ability to alter signal produced from label which is 
part of a binding partner analyte complex. The presence or amount of analyte can be determined by detecting the sig- 
nal produced from unaltered label The adduct protection assay is very versatile. For example, alteration of signal can 
5 be carried out under a wide range of conditions (e.g., pH, temperature, and ionic strength), and both label alteration and 
signal triggering can be. carried out at essentially constant temperature to achieve a high degree of sensitivity. 

The adduct protection assay is carried out using a binding partner containing a label which can preferably be trig- 
gered to produce a detectable signal. A "detectable signal* refers to a change in the environment caused by the label 
which can be measured. Examples of detectable signals include emission of light and changes in absorbanca 
70 By triggering 0 is meant causing a label to produce a detectable signal. In a preferred embedment signal produc- 
tion is brought about by a triggering agent Different types of triggering agents can be used to produce a detectable sig- 
nal from a label. Examples of triggering agent/label pairs include the following: substratefenzyme or enzyme/substrate 
causing a change in absorbance; hydrogen peroxkJe/chemfluminescerit label causing light emission; and fight/fluores- 
cent labe3 causing light emission. 
75 Preferred labels are those which can be triggered to emit fight. The triggering of a Tight emitting substance brings 
about the formation cJ an excited state molecule which emits fight 

Adduct formation by a signal altering ligand alters and preferably prevents signal production by the label. A "signal 
altering lEgand" refers to a compound which can associate with a label to form an adduct which alters signal production 
from the label. Preferably, adduct formation is revers&Ba 
20 "Alteration of signal production 0 refers to a change in the type, amount, or kinetics of signal produced from a label. 
Preferably, the produced sfrjnal is light emission and alteration of light emission is achieved by causing one or more of 
the following: (1) light emission at a different wavelength; (2) a decrease in light emission; and (3) changing the kinetics 
of fight emission. Preferably, adduct formation prevents light emission. 

The terms "preferential alteration oS signal production 0 and "discrimination" refer to alteration of signal production 
25 from label preserti on a binding partner not bound to analyte (unbound label) occurring to a greater extent man aftera- 
tion of signal production from label present on a biraSng partner bound to analyte (bound label). The difference En signal 
production by labels present on bound or unbound binding partners is sufficient to enable one skilled in the art to detect 
the presence and/or amount of anatyte Preferential alteration of signal production can be measured in terms of a dif- 
ferential alteration ratio expressed as the time in which haK of the signal produced from label present on a binding part- 
so ner bound to analyte is altered (t 1/2 bound label) divided by the time in which half of the label present on a binding 
partner not bound by analyte is altered (t^ unbound label). 

Thus, a first aspect off the present invention features a method for assaying the presence or amount off an analyte 
in a sample. The method involves the following steps: 

35 a) exposing the sample to a labelled binding partner; 

b) treating the sample with a signal altering ligand able to preferentially alter label present on a binding partner not 
part off a labelled binding partner analyte complex; and 

c) detecting signal produced from label which was no? altered. 

40 Detecting signal produced from label which was not altered can be achieved by triggering the label to produce a 
signal and measuring the production of signal which was not altered. For example, the presence off a light errnttmg label 
not altered by a ligand can be achieved by triggering the label to emit fight by standard techniques, and measuring the 
kinetics, amount, cr wavelength of fight errcsscon. 

In a preferred embodiment, labels are light emitting tebefe such as fluorescent, chemfluminescent and bcolumines- 

45 cent labels. Light emission can be measured using standard equipment such as a lurranometer cr ftuoromeier. Prefer- 
ably, preferential alteration off signal production and fight emission is carried cut under essentially constant temperature. 
"Essentially constant temperature" refers to the maintenance of the temperature within a range off no more than 250%, 
more preferably no more than 100%, more preferably 25%, more preferably 10%, and most preferably 5% In a more 
preferred embodiment, preferential label alteration and triggering of light errisston are carried out at room temperature 

so (about 20-25°C) aft essentially constant temperature. 

The adduct protection assay can be carried out using different formats. Fox example, the assay can be performed 
with or without a separation step. The avoidance off a separation step simplifies the assay and provides advantages 
such as saving on time, reagents, and simplicity off automation. 

A separation step to further remove labelled bsnolng partner not bound to analyte or contaminants can be per- 

ss formed prior to triggering fight emission. A separation step is preferred when the assay is used on clinical samples 
which have not undergone purification. 

Thus, the featured assay provides tor detecting the presence or amount of an analyte involving preferential altera- 
tion off signal produced by a label present on a binding partner not bound to the analyte, thereby allowing signal pro- 
duced by a label present on a binding partner bound to analyte to be clearly detected. The versatility of the assay has 
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numerous useful aspects including the ability to carry out label alteration under a wide range of buffer conditions to 
achieve high sensitivity, the ability to carry out the assay using essentially constant temperature to rapidly* achieve a 
high degree of sensitivity, and the ability to carry out the assay at room temperature to achieve a high degree of sensi- 
tivity. Advantages of such an assay include ease of use due to less manipulation steps, saving on time, and being more 

5 compatible to automation. 

Various examples of different aspects and embodiments of the present invention are described herein, such as dif- 
ferent label structures and signal altering Ogands. Unless stated in the claims, these examples and other examples pro- 
vided herein are not intended to limit the invention. 

Other features and advantages of the invention wifl be apparent from the following figures, detailed description of 

to the invention, and the claims. 

BRIEF DESCRI PTION OF THE FIGURES 

Figure 1 graphically illustrates preferential alteration of signal production using sodium sulfite and an acridinium 
15 ester-labelled probe. 

Figure 2 illustrates the triggering of light emission of a chemilumtnescent molecule using hydrogen peroxide. 
Figure 3 illustrates the adduct protection assay using increasing amounts of target 

Figures 4 and 5 provide examples of binding partners containing an acridinium ester label joined to a binding 
region. The binding region is indicated in the figures by "probe." 

20 

DETAILED DESCRIPTION OF T HE INVENTION 

The adduct protection assay facilitates the detection of an analyte by exploiting adduct formation to preferentially 
alter signal production from a label present on a binding partner not bound to an analyte. The assay invcSves the forma- 
ts tfon of a protective micro-environment when a labelled tending partner forms a complex with an analyte. The label 
present on labelled binding partner bound with analyte is preferentially protected from forming an adduct with a signal 
altering figartd The adduct protection assay can be used to rapidly detect the presence and/or amount of analyte with 
a high degree of sensitivity. 

Signal production as an indication of the presence or amount of analyte can be measured at different time poinfe 
30 after a preferential signal alteration step is started. In one embedment, signal production is measured after a time 
allowing for stable adduct formation, for example at equilSwium. Measuring signal production where adduct formation 
with label present on bound and unbound binding partners is relatively constant over time may facilitate obtaining repro- 
ducible results over a larger time range, and allow for numerous experiments to be performed at one time and the 
results read at a later time. 

35 In another embodiment, signal is measured at a time after triggering when the ratio o5 signal produced by label 
present on bound binding partner to signal produced by label present on unbound partner is maximized. In this regard, 
the adduct protection assay can proceed more rapidly than hydrolytic assays where label present on unbound binding 
partner is preferentially altered by cleaving off the leaving group (See, Example 4 and 5 infra). Arnold et a/., U.S Patent 
No. $£84,174, Nelson et a/.. "Detection Of Acridiroum Esters By Chem3urronescertce n in: Non'isotopcc DNA Probe 

40 Technique^ (Kricka ed., Academic Press, 1992) pp. 275-311, Nelson era/., Clin. Chem. Acta 794:73-90, 1990 and 
Arnold et a/., Clin. Chem. 35:1588-1594, 1989, describe assays which can preferably be earned out by preferential 
hydrolytic cleavage ctf label present on unbound binding partner. (Each of these references are hereby incorporated by 
reference herein.) 

Adduct formation occurring with label present on bound or unbound binding partners is illustrated by Equations 1 
45 and 2, where Unbound Label" refers to label present on binc&ng partner not complexes with analyte, "Bound Label" 
refers to label present on binding partner complexed with analyte, "Ugarcf refers to a signal altering ligand, TabeT* 
indicates the label can be triggered to produce a signal, and label- Ligand 0 indicates the formation of a signal altering 
adduct 

so Equation 1 

Unbound Label 4 + Ugand = Unbound Labef-Ugand 

k [Unbound Label-Ligand] 
55 2= [Unbound LabeT] [LigandJ 
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Equation 2 

Bound Label* + Ligand = Bound LabeMJgand 

5 ■ [Bound LabeMJgand] 

K 1= [Bound Label*] [ligand] 

Preferential alteration of signal production is affected by the differences in K t and r^, and the rate in which the two 
10 reactions reach equilibrium. A higher Equation 1 equilibrium constant results in more label present on unbound binding 
partner being altered at equilibrium. A lower Equation 2 equilibrium constant results in less label present on bound bind- 
ing partner being altered at equiltorium. As the reaction represented by Equation 1 proceeds at a faster rate than Equa- 
tion 2, more label present on unbound binding partner is preferentially altered during ttie initial reactions with signal 
altering ligands. 

75 Factors affecting preferential alteration of signal production include the amount and type of analyte, the amount and 
type of labelled binding partner, the amount and type of figand, and possfcle interactions with other components present 
during the assay. Thus, the design and components of a particular assay should take into account the nature and 
source of the anahyte, the type of signal altering ligand used, the nature of the labelled binding partner, the ability of the 
binding partner to complex with the analyte to form a protective micro-environment for the label, and the environment 

20 in which the assay is taking place. 

I. Sensitivitv 

The present nverrtion can be used to detect the presence of an analyte with a high degree of sensitivity. Sensitivity 
25 refiscts the ability of an assay to accurately detect the presence of an anaryta Sensitivity takes into account the back- 
ground resulting from both signal production from label present in unbound binding partner which was not altered and 
the ability of the signal altering ligand to discriminate between label present on bound and unbound binding partners. 

Figure 1 illustrates the relationship between preferential alteration of signal production and background. Each curve 
illustrates triggering of light emission in the presence of a signal altering figand. The hybrid curve refers to bound label 
30 protected from signal alteration, while the probe curve refers to label present on unbound binding partner. The t 1/2 val- 
ues for calculating the differential alteration ratio can be obtained from the slopes of the two curves. The points were 
the two curves level off indicate that eqirilbrium was reached The point where the probe curve levels off also indicates 
background noise. 

Fa oligonucleotide probes used to detect a nucleic acid analyte, the differential alteration ratio is determined by 
35 measuring the t iyz of the hybrid divided by the t iy2 of the labelled probe. Preferably, the differential alteration ratio is at 
least 2-fold, more preferably at least 15-fold, even more preferably at least 75-fold, and most preferably at least 100-fold. 

More preferably, the assay is carried out under conditions of high sensitivity where the signal produced is equal to, 
or geater, than the mean of the background plus two times the standard deviation. Standard deviation can be calcu- 
lated using standard techniques and equations as follows: 



40 



Equation 3 



Where 5 is the sample mean, Xj is a particular reading, and n is the total number of measurements. 

More preferably, the assay is carried out under conditions where the signal produced is equal to, or greater, than 
the mean of the background plus three times the standard deviation, more preferably at least 4 times the standard devi- 
ation, and most preferably at least 5 times the standard deviation. 

II. Analyte 

The adduct protection assay can be used to detect the presence and/or amount of cfifferertt types of analytes, 
including nucleic acid sequences and antigenic epitopes. The amount of analyte present in a sample depends on the 
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sample being assayed and whether any techniques are carried out to increase the amount of analyte prior to detection. 
For example, the number of nucleic acid analytes can be increased using techniques such as PCR (e.g., asdescrfoed 
by MulBs et al. t US. Patent Na Patent 4,683,202), and transcription-based amplification [e.g., as descr&ed by Kacian 
et a/., in U.S. Patent No. 5,399,491) (both these references are hereby incorporated by reference herein). 

5 

A. .Detection of Taroet Nucleic Acids 

Detection of a target nucleic acid sequence (e.g. t a nucleic acid sequence sought to be detected or measured), can 
be carried out using a nucleic acid probe which is sufficiently complementary to the target nucleic acid sequence to cfis- 
io tinguish the sequence from other nucleic acid sequences which may be present in the sample. Probe specificity is 
affected by numerous factors known in the art such as the degree of complementarity between the probe and target 
nudeic acid sequences and the hybridization conditions. (E.g., see Sambrook et a/., Molecular Cloning: A Laboratory 
Manual (Cdd Spring Harbor Laboratory Press, 1989) (hereby incorporated by reference herein into the present appfi- 
cation) and Hogan et a/., PCT/US88/D3009. supra.) 

Antibodies can be used to detect the presence of a particular epitope present on an antigen. Harlow et a/. t Anti- 
bodies; A Laboratory Manual, Cdd Spring Harbor Laboratory, 1988 (hereby incorporated by reference herein), 
20 describes production and use of antibodies. 

Ill I ahoB^ Rinding Partner 

Labelled binding partners comprise a label pined with a tirtding partner. The binding region enables the binding 
& partner to bind to an analyte, while the label can be triggered to produce a detectable signal. 

The adduct protection assay can be carried out with an excess amount of labelled binding partner or an excess 
amount of analyte Providing an excess amount of labeSed bircfirtg partner offers the advantage of increased sensitivity 
at tow analyte concentrations. A poss&rte disadvantage to raving excess label is that more labelled binding partner is 
present, thereby requiring more figand to reduce background. Nevertheless, because of the high sensitivity which can 
30 be achieved with the adduct protection assay, an excess amount of labelled binding partner is preferred for carrying out 
the assay. 

A. Labels 

35 The adduct protection assay can be carried out using different types of labels such as cotorimeteric, bkrfummes- 
cent, fluorescent and cherrt3urranescent labels. Factors to be considered in label selection include the following: (1) the 
label should be chosen so its ability to be triggered to produce a signal can be altered by adduct formation, (2) the label 
can be protected from adduct formation by the protective rracro-environment formed upon binding of the binding partner 
to the analyte, and (3) the label does not prevent the binding partner from recognizing the analyte 

40 Examples off colcrimetercc labels include labels containing an enzyme which can combine with a substrate to pro- 
duce a product causing a change in absorbance and labels containing a substrate which can combine with an enzyme 
to produce a change in absorbance. For example, the signal altering Icgartri can alter the signal from the enzymefeub- 
strate by forming an adduct with foe enzyme/substrate thereby altering the enzyme catalyzed reaction. Another exam- 
ple, are labels that absorb ight at a given wavelength and this absorbance is altered by reaction with a ligartd. 

45 The present invention is preferably performed using nucleic add probes having a fight emitting label which is pro- 
tected from adduct formation by hybridization of probe to a target nucleic acid. Preferred Rght emitting labels are cherrri- 
tuminescent or fluorescent Chemiluminescent labels can be triggered by a chemical reaction such as heating and 
oxidation, while fluorescent labels can be triggered by fight Labels which can be caused to emit light are generally abte 
to fluoresce, though in some cases triggering of a "chemilurrnnescerrT label by Bght may result in lesser fight emission 

so than cherrti luminescence. 

1* Chemihiminfiyrftnt ) ahcfc 

CherrBlurrniescent labels are triggered to emit light by a triggering agent which causes the formation of an excited 
55 state molecule wh5ch decays, thereby emitting light The chemiiuminescenf label may contain a leaving group joined to 
a cftemfturrwiescent molecule which is cleaved during the chemical reaction causing light emission. Alternatively, the 
chemnuminescent label may not contain a leaving group cleaved during triggering of fight emission. Examples of cherro- 
luminescerrt molecules having a leaving group which may be cleaved during triggering of light emission are described 
below. Examples of chemiluminescent molecules not having a leaving group cleaved during triggering include dtoxe- 
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tans, oxalates, dioxetanones, and rhuthenium chelates. Examples of different types of chemiluminescent molecules are 
provided by Campbell, Chemiluminescence: Principles and Application in Biology and Medicine, Bis Horwood Ud. 
Chichester England. 1988 (hereby incorporated by reference herein). 

Figure 2 illustrates the light emitting reaction of a chemiluminescent label using hydrogen peroxide as a triggering 

5 agent Favorable conditions for triggering a chemiluminescent label and methods of detecting emitted light are known 
in the art E.g., see Nelson et a/. f "Detection Of Acridirium Esters By Chemnuminescence" sup/a., and Arnold ef a/., . 
U.S. Patent Na 5,283,174. supra. 

Examples of chemiuminescent labels, the production of such labels, the joining of the labels to binding partners, 
and factors generally affecting stability of chemiluminescant labels are known in the art See, Beheshti et a/., US. Pat- 
io errt Na 5,290.936; CampbeB et a/., U S. Patent No. 4,946,958; Law et a/.. US. Patent Nos. 4.918,192, 4.745.181, 
5,110,932 and 5,241.070; Mattingly et a!., entitled "Chemiluminescent Aaidinium and Phenantridinium Salts," Euro- 
pean Patent Application No. 871 14490.3, Publication No. 0 273 1 15; McCapra et a/., US. Patent Na 5,281,712; McC- 
apra, US. Patent No. 5,283.334; McCapra et a/., US. Patent Na 5,284,951; McCapra, U.a Patent Na 5,321.136; 
McCapra ef a/., entitled "Assays Utifizing Improved Chemiluminescent Esters, Thioesters and Amides," European Pat- 

75 errt Appfication Na 88121915.8. European Patent Publication No. 0 322 926; Ramakrishnan et at., U.S. Patent No. 
5,284,952; Reddy ef a/., entitled "Chemauminescerrt Compounds" International Application Na PCTAJS91/06861 , 
lrterr4tionaF Publication No. W0 92/09580; Sato ef a/., entitled "Aaidinium Compounds and Conjugates Thereof," 
European Patent Appfication No. 94101664.4, European Publication No. 0 609 885; and Sheehan ef a/., U.a Patent 
No. 3,539,574 (each of these references are hereby incorporated by reference herein). These factors include the struc- 

20 ture of the chemiluminescent molecule, the type and position of substituents on the chemiluminescent molecule and on 
the leaving group, and the structure of the linking group joining a leaving group to a chemHuminescent molecule For 
example, different types of linking groups may be present including esters, amides, thiolesters, and suffonylamkJes; the 
stabffity of the chemauminescerrt molecule may be affected by the placement of bulky groups and electron withdrawing 
or donating groups at certain positions; and preferred leaving groups for efficient c*en^ luminescence have a pK^ s 11 , 

26 preferably < 1 1 , more preferably 5 to 8, and are more preferably an aryi ring or ring system. 

Aizawa ef a/., entitled "Method of Making Acridinium Derivatives Luminesce and Method of Detecting Test Material 
Therewith." European Patent Appfication Na 93919625.1. Publication Na 0 617 107 A1. describe the production and 
use of superoxide anion (O 2 *) for triggering light emission of acridinium derivatives (this reference is hereby incorpo- 
rated by reference herein). The methods descrbed by Aizawa et a/., are indicated to be suitable for generating fight 

30 emission at neutral pH. . 

Preferred chemiuminescent labels contain a chemiluminescent molecule with an aryl ring system and a leaving 
group. Preferably, the aryl ring system has 1 to 4 aryl groups and contains a positive charge (e.g., the positive charge 
is present either by being focalized on a ring or being localized on a ring substituent). More preferably, the positively 
charged aryl ring system contains a substituted heterocyclic aryl. 

35 Preferred chemiluminescent molecules raving a leaving group have the following structure: 

Structure I 
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where the aryl ring system comprises one to four cyclic groups, and one of the groups is joined to [inking carbon 
"c," more preferably the aryi ring system is positively charged, more preferably the aryl ring system contains a positively 
charged heterocyclic aryl joined to "c"; examples of heterocyclic aryls include acricfnium, benz[a]acridinjum, 
benz[b}acridinium, benz[c]acridinium a benzimidazole cation, quinolinium, isoquinolinium, quinoliztnium, cyclic substi- 
tuted quOToSntum, pyridinium, pyrimkiininium, pyridazinium, pyrazininium, phenathridinium and quinozalinium; 

R2 is selected from the group consisting of S, O, and NH, preferably R2 isO; 

R3 is selected from the group consisting of O, N, S, halogen, substituted phosphorous, substituted sulfur, substi- 
tuted boron, and substituted arsenic, preferably R 3 is either O, N, or S, more preferably R3 is O or S, most preferably 
RsfeO; 

R4 is selected from the group consisting of alkyl, alkenyl, aryl, alkoxy, and aryloxy, a is absent when R3 is halogen, 
preferably R4 is an aryi, more preferably is an optionally substituted phenyl; and 

Rs is noting unless is N, *rf R 3 is N then R 5 is selected from the group consisting of hydrogen, alkyt, alkenyl, 
aryl, alkoocy, and aryloxy, preferably R5 is nothing. 

Positively charged Structure I compounds are ionically associated with a counter-ion. Various dfferent anions such 
as a halogen, sulfate, alkykurtate. halosulfate, haloborate, hatoacetate, halophosphate, and phosphate can serve as a 
counter-ion. 

More preferably, the chemiluminescent label is made up of an aeridinium joined to it leaving group as illustrated in 
Structure II. 

Structure II 




where is selected from the group consisting of H, alkyl, alkenyl, alkynyi, and aryl; preferably R 1 is a lower 
alkyl, more preferably methyl; 

n is either 0, 1, 2, 3, or 4, preferably n is either 0, 1 or 2; 
m is either 0, 1, 2, 3, or 4; preferably m is either 0, 1,or2; 

each X is independently selected from the group consisting of alkyl, alkenyl, alkynyi, aryl, amino, substituted amino, 
carboxy, hydroxy, alkoxy, retro, suttonyl, halogen, thiol, amido, acetyl, substituted acetyl, and aryloxy. and the 
remaining A ring substituents are hydrogen, preferably each X is independently an alkyl or an alkoxy, more prefer- 
ably each X is independently a lower alkyl or a lower alkoxy. most preferably each X is independently methyl or 
methoxy; 

each Y is independently selected from the group consisting of alkyl, alkenyl, alkynyi, aryl, amino, substituted amino, 
carboxy, hydroxy, alkoxy, retro, sutfonyl, halogen, thiol and aryloxy, and the remaining C ring substituents are hydro- 
gen, preferably each Y is independently an alkyl or an alkoxy, more preferably each Y is a lower alkyl or a lower 
alkoxy, and most preferably each Y is independently methyl or methoxy; and 
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R2, R3, R4 and R 5 are defined as descrtoed above for a Structure I compounds. 

Other more preferred cherrDluminescent molecules joined to leaving groups have a heterocyclic ring system 
selected from the group consisting of: benzfajaakfinium, benz[b]acndinium, benz[c]acridirtium, benzimrdazole cation, 

5 quinolinajm, isoo^mofinium, quinolizinium. cycfic substituted quinoDnium, pyridinium, pyrimidininaHn, pyrkfezmium, 
pyrazininium, phenathridinium and quinozalinium; where each ring of the ring system is substituted in the same manner 
as a Structure II compound where each available carbon can each independently have a X/Y substrtuent, more prefer- 
ably each ring contains 0 to 2 substituents; and one of the rings is a positively charged heterocyclic ring containing a W 
joined to and a carbon atom joined to a linking group. 

10 . 

Fluorescent labels typically contain an aromatic group which can be excited by light to produce an excited state 
molecule. Binding off the signal altering ligand can alter fluorescence As noted above, chemflurnnnescent tebete such 
15 as acridiraum esters can also be fluorescent labels. Thus, examples of fluorescent labels include those labels described 
as c^emflumanescent in Section 111 A 1 supra. Examples of fluorescent labels also include rntercalators or groove bind- 
ers such as rhodamine, fluorescein, ruthenium, ethidium haltdes, and acridine. 

Preferred fluorescent labels have a conjugated pi electron system, preferably an aromatic ring! Fluorescence from 
the aromatic ring can be altered by disrupting the aromaticrty of the aromatic ring as, for example, by adduct formation. 

20 

3. Chemical Definitions 

The following is a description of some off the chemical groups which may be present in the 65ffferen& labels. The dif- 
ferent basic chemical structures provided hereirrcan be substitute! by different groups. Substitutions off each of thadff- 

25 ferent groups descrfced below can be made with atom or atoms which are non-reactive (/.e., does not react with She 
analyte. prevent signal altering adduct formation, or prevent signal production). Examples off substitutions to a basse 
structure are also provided below. 
An "acetyT refers to C(=0)-CH3. 
An "amino" refers to -NH2. 

30 An"aiTtdo n refferstoC(=0)-r>!H2. 

An °a]kyT group refers to an optionally substituted saturated aliphatic hydrocarbon, including straight-chain, 
branch^-chain, and cyclic alkyi groups. Preferably, the alkyl group has 1 to 25 carbons and contains no more than 20 
heteroatoms. More preferably, it is a tower alkyi of from 1 to 12 carbons, more preferably 1 to 4 carbons. Heteroatoms 
are preferably selected from the group consisting of nitrogen, sulfur, phosphorus, and oxygen. 

35 An "alkenyT group refers to an optionally substituted hydrocarbon containing at least one double bond, mchxrfrtg 
straight-chain, branched-chain, and cyclic alkenyl groups, all of which may be optionally substituted. PreferabJy, the 
alkenyl group has 2 to 25 carbons and contains no more than 20 heteroatoms. More preferably, it is a lower alkenyl off 
from 2 to 12 carbons, more preferably 2 to 4 carbons. Heteroatoms are preferably selected from the group consisting 
of nitrogen, sutfur, phosphorus, and oxygen. 

40 An "alkynyT group refers to an optionally substituted unsaturated hydrocarbon containing at least one tripJe bond, 
including straight-chain, branched-chain, and cyclic alkynyl groups, all of which may be optionally substituted. Prefera- 
bly, the alkynyl group has 2 to 25 carbons and contains no more than 20 heteroatoms. More preferabJy, it is a tower alky- 
nyl of from 2 to 12 carbons, more preferabJy 2 to 4 carbons. Heteroatoms are preferably selected from the group 
consisting of nitrogen, sulfur, phosphorus, and oxygen. 

45 An °aryT refers to an optionally substituted aromatic group having at least one ring with a conjugated p electron 
system and includes carbocycltc aryt, heterocyclic aryt, biaryl, and triaryl groups. Examples off aryl substitution substit- 
uents include alkyi, alkenyl, alkynyl, aryl, amino, substituted amino, carboxy, hydroxy, alkoxy, ratio, suftcnyJ, halogen, 
thiol and arytowy. 

A "caibocycfic aryl" refers to an aryl where all the atoms on the aromatic ring are carbon atoms. The carbon atoms 
so are optionally substituted as desenbed above for an aryl PreferabJy. the carbocydic aryl is an optionally substituted 
phenyl 

A ^heterocyclic aryl" refers to an aryl having 1 to 3 heteroatoms as ring atoms in the aromatic ring and the remain- 
der of the ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, and nitrogen. Examples of hete- 
rocyclic aryte include furanyl. thienyl, pyridyl pyrrofyl. N-tower alkyi pyrrolo, pyrimsdyl. pyrazinyl, and tmcdazolyl The 
65 heterocyclic aryl is optionally substituted as described above for an aryl. 

An °alkaxy" refers to "-O-alkyT where "alkyT is defined as described above and "O" is an oxygen. PreferabJy. the 
ataxy is a O-lower alky). 

An •arytoxy" refers to a "-O-aryT where the "aryl" is defined as described above and "0° is an oxygen. 
"Nitro w refers to NOz. 
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"SuKonyT refers to S(0) r R ( where R a non-reactive atom or atoms. Examples off R include alkenyl, alkynyl, ary!, 
halogen, amino, and substituted amino, 

A "substituted acetyl" refers to C(=0)-CH(R) 2 . where each R is any non-reactive chemical atom or atoms, provided 
that at least one R is not hydrogea Examples of such substitutions include hydrogen, alkyl. alkenyl, alkynyl, ary!, amino, 
carboxy, and altocy. 

A "substituted amino 0 refers to -NH-R where R is any non-reactive chemical atom or atoms. Examples of such sub- 
stitutions include alkyl, alkenyl alkynyl, ary}. amino, cartocy, and alkoxy. 

A "substituted phosphorous 0 refers to -P(R) 3 where each R is any non-reactive chemical atom or atoms. Examples 
of R include 0, =0, S, CH^ Se, and As. 

A "substituted sulfur 0 refers to the presence of any atom or atoms other than hydrogen which obey chemical stci- 
chiometry and is non-reactive. 

A "substituted boron" refers to the presence of any atom or atoms other than hydrogen which obey chemical stri- 
cNometry and is non-reactive. 

A "substituted arsenic" refers to the presence of any atom cr atoms other than hydrogen which obey chemical sto- 
ichsometry and is non-reactive. 

B. BireSnq Reqton 

A fcarcSng region is designed to recognize part of the analyte and allow for the formation of a micro- environment 
with an analyte which protects the label from signal alteration by acfduct formation. Preferably, the binding region con- 
tains a nucleic add sequence complementary, to some degree, to a target nucleic acid sequence. For example, an oli- 
gonucleotide probe can be designed to specifically hybridize to a target nucleic acid sequence characteristic of a 
particular irccrcorganism. On the other hand, a hybridization probe without a high degree of specificity can be used in 
different assays. Examples of applications in which a high degree of specificity of the probe rs not required include those 
where the probe & designed to hybridize to more than one related sequence, and where the target nucleic add is sep- 
arated from contaminants. Target nucleic add can be separated from contaminants, for example, by using a capture 
probe (e.g.. see Collins entitled "Target and Background Capture Methods and Apparatus for Affinity Assays 13 European 
Patent Application Na 873093082, European Publication No. 0 265 244 B1 , hereby incorporated by reference herein). 

Another example of a binding region is an antfocdy epitope binding domain. Antibodies can be used to detect the 
presence oJ a particular epitope present on an antigen. For example, antibodies can be used to detect particular anti- 
genic protein. Hartow et a/., Antfoodies; A Laboratory Manual, Cold Spring Harbor Laboratory, 1988 (hereby incorpo- 
rated by reference herein), describes production and use of ant&odies 

GJ ahtfW ffmfina Partner Synthesis 

Binding partners containing labels can be produced using standard techniques. Overall, the label shouEd have a 
structure allowing it to be present in the protective miao-environment formed by binding of the binding partner to the 
analyte, while at the same time allowing a triggering agent to cause signal production. For example, when light errossccn 
of cherrdbminescerit molecules is triggered by cockfic attack, the linking group should remain susceptfoJe to cocidic attach 
when present in the nrao-environment 

The label should not prevent the binding partner from binding to the analyte and distinguishing the analyte from 
contaminants. For example, the ability o? a labelled nucleic acid prcbe to incScate the presence of a particular organssm 
shoufid remain intact 

Nucleic acid probes having a particular nudetc acid sequence and base composition can be constructed ussrtg 
standard techniques. Modification of the base composition can be carried out, tor example, to increase fie stability ctf 
the oEgonudeotide by alkylation of the 2'-0-positiori (eg., a 2'-methcccy group) (see., Miller et a/., entitled "OBgonude- 
ottdes Modified to Improve Stability at Add pH," International Application No. PCT7US94V00157. International Publica- 
tion No. WO 94/15619 (hereby incorporated by reference herein). Organic synthesis of dtgortudeotides can be carried 
out by adding nudeotides in a step wise fashion. Eckstein, F, Oligonucleotides and Analogues, A Practical Approach, 
chapters 1 -5, 1991 , reviews organic synthesis of oligonucleotides; Caruthers, et a!., In Methods In Enzymohgy vol. 154 
p. 287 (1987), describe a procedure for organic synthesis of cJigonudeotrdes containing phosphodiester linkages using 
standard phosphoramsdite soicd-phase chemistry; Bhatt, U.S. Patent Wo. 5,252,723 describes a procedure for organic 
synthesis of oKgortudeotides containing phosphorothbafe linkages; and Klem et al., entitled "Improved Process for the 
Synthesis of Oligomers" PCT WO 92/07864. describe organic synthesis of oRgonudeottdes having different intemude- 
otide linkages including methytphosphonate linkages. (Each of these references are hereby incorporated by reference 
herein.) 

A label can be pined to a nucleic add binding partner using techniques such as those described by Arnold et al., 
entitled "Non-Nudeotide Unking Reagents for Nucleotide Probes" EPO Application Number 88308766, Publication No. 
EP 313219; Arnold ef a/., U.S. Patent No. 5.185,439; and Nelson et al., "Detection Of Acrtdinium Esters By Chemflu- 
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minescence" in: Moresotonic DMA Probe Techniques. (Kricka ed., Academic Press. 1992) pp. 275-311. These refer- 
ences focus on producing a binding partner containing an acridinium ester joined to a nudeic acid binding region. 
However, analogous techniques can be used to join other labels to other binding partners. (Additional references for 
producing binding partners joined to labels are mentioned in Section IIIA1 supra.) 
5 Light emitting molecules can be joined to antfixriies using techniques such as those descrtoed by Weeks et a/.. 
Immunoassays using acridinium esters, Methods Enzymol 733366-368 (1986), and references mentioned in Section 
IIIA1 supra, concerned with joining light emitting labels to antfcodies. Antibodies can be produced using standard 
techniques such as tiiose described by Harlow et a/., supra. 

10 IV Signal Altering Uganri 

Signal altering figands suitable for the adduct protection assay can discriminate between labeS present on an 
unbound binding partner and label present on binding partner bound to analyte. The amount of Bgand used in an assay 
can effect the assay in different ways. Fox example, providing more ligand can increase the number of altered labete 

is present on bound and unbound binding partners. 

Preferred figands are those which quickly react with label present on unbound binding partner and/or wWch provide 
a high Equation 1 equilibrium constant, while reacting very slowly with label present on binding partner bound to analyte 
and/or roving a tow Equation 2 equiHbrmm constant More preferably, the signal altering ligand quickly reacts with label 
present on binding partner not bound to analyte proving a high Equation 1 equaforium constant, and reacts slowty with 

so label on bound binding partner providing a low Equation 2 equilibrium constant 

Preferred signal altering ligands are nucleophfles able to discriminate between label present on bound and 
unbound binding partners under assay conditions and which form a strong adduct with label present on unbound bind- 
ing partner. For example, in the case of preferred light emitting labels having a finking group joined to a leaving group, 
the formed adduct should inhibit the linking group from being oxidized by oxk$c agents such as hydrogen peroxide and 

25 superoxide ion. Arnold ef a/., U.& Patent Ma 4,950.613 and Hammond et a/., d Bbbmirt Chemiturmn. 63S43, 1991 , 
describe ligands abSe to form a protective adduct with an acridinium ester preventing light emission. (Both these refer- 
ences are her^>y incorporated by reference herein.) 

Preferred figands have a lone pair of electrons enabling the ligand to act as a strong nuclecphfle. More preferably, 
the tone par of electrons are present on a group VI element, most preferably the element is suflur. Preferably, the de- 

30 merit containing the tone pair of electrons is not adjacent to a conjugated pi electron system or a nririle group. For exam- 
ple, the element containing the tone par of electrons should not be adjacent to an aromatic ring. Examples of suitable 
signal altering ligands include tetrahydrothfopene, prcpanethid, benzylmercaptan, suMe, glycd suFite, hvdrosutfrte, 
metabfeuff He, foiosufcrte, triphosphate, metaarsenite, tellurite, arserYite, and trtiocyanate. 

35 V Detection Of Nucleic Acid Taroet Sequences 

The adduct protection assay is preferably performed using a nucJeic acid probe to detect the presence of a target 
nudeic acid sequence. The degree of protection afforded by a labelled-probertarget hybrid to a label is influenced by 
factors including the type of nucleotide bases present and the nucleotide sequences of the probe and hybrid. 
40 The adduct protection assay can be used to detect differed nucleic acid targets such as DMA and RNA. The assay 
is preferably carried out using RNA targets. Methods for producing RNA and amplifying RNA targets starting with DNA, 
or amplifying RNA targets starting with RNA, are known in the art E.g. Kacian et a/., US. Patent Wo. 5,399,491 . 

VI. Examples 

45 r 

Examples are provided below to illustrate different aspects and embodiments of the present invention. These 
examples illustrate the present invention using acridinium esters as a label. Acridinium esters, fike many other cation* 
heteroaromatic species, react reversfcfy with nucleophfles to form adducts. As a resullt of adduct formation, several 
important properties of acridinium ester are markedly altered. The preferred site for adduct formation on acridinium 

so ester is the C-9 position. Adduct formation alters the visStrie spectrum of acridinium ester, strongly inhBxts acridinium 
ester fluorescence, stabilizes the ester bond of acridinium ester to hydrolysis, and inhMs the reaction of a triggering 
agent such as peroxide ion or superoxide ion with acridinium ester to generate cherratominescence. 

These examples are not intended in any way to firrat the disclosed invention. The examples illustrate methodology 
by which different labete and signal altering ligands can be readDy identified by routine procedures to ensure that they 

55 have the desired activity. For example, labels within a formula described herein can be screened to determine those 
labels with the most appropriate activity. 
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Example 1 : Preferential Discrimination of La h pi fin Bound and Unbound Binding Partners 



Compounds containing sulfur atoms having a free electron pair which are not conjugated to an aromatic ring or 3 
nitrile group were found to form strong adduds with acridinium ester-labelled single-stranded probes, but not with the 
5 same probes hybridized to a target nudeic acid analyte. This example illustrates the use of a signal altering figand to 
preferentially alter label present on unbound binding partner. 

Hybridization 

10 To 15 nl of 2X hybridization buffer (100 mM lithium succinate (pH 5.2), 8.5% (w/v) lithium lauryl sulfate, 1 .5 mM 
EDTA, 1 .5 mM EGTA) was added 1 pmoi of acricfinium ester (AE)-iabelled probe (7 x 10 7 RLU/pmof) and 4 pmoi of tar- 
get The AE-JabeJIed probe sequence is provide by SEQ. ID. NO. 1: 5M3GGGTTCTTT TCGCCTTTCC CTCACGG, 
where * trioleates the position of the acridinium ester label. The target sequence is provided by SEQ. ID. NO. 2: 5*- 
CCGTGAGGGA AAQGCGAAAA G AACCCC. 

75 The resultant solution was adjusted to 30 uJ with water, heated at 60°C for 30 minutes and diluted to 500 jJ with 1 X 
hybridization buffer. 

Addupt Protection 

20 In a 12 x75 mm tube (Sarstedt) was added 2 y\ of AE-labelled probe or hybrid (400,000 RLU). To this solution was 
added 100 fd of addict forming buffer (10 mM sodium sulfite, 30 mM borate buffer (pH 8.7), 1.5% Triton TX100). The 
solution was then vortexed and allowed to sit at room temperature (about 22-25°C) for different amounts of time. Cherri- 
luminescence of the resultant solution was measured by injection of Detect I (0.1% (v/v) H2Q2 in 0.001 N NHNO^) fol- 
lowed 0.5-2 seconds later by injection of Detect II (200 pi of 1 N NaOH). Light emission was integrated over a 5-second 

25 interval. 

Results 

As shown in Figure 1, sodium sulfite reacts very rapidly with AE-probe and after 150 seconds the reaction reaches 
30 equilibrium. In contrast when the same AE-probe is hybridized to a complementary nudeic acid target the resultant AE- 
hybrid reacts much more slowly with sodium sulffta 

At lower cpneentrafons of sodium suffite, l«s adduct forms with acnVJjnjurn ester but ttjdyct formation is still 
stronger and faster on AE-probe versus AE-hybrid At higher concentrations of sodium sulfite (200 mM) more adduct 
forms on acridinium ester but discrimination between AE-probe and AE-hybrid is decreased. 

35 

Example 2; Deletion of a Target Sequence 

The abflrty of the adduct protection assay to detect the presence of a target sequence was examined using a large 
excess of acridinium ester-labelled probe and decreasing amounts of a complementary target 

40 

Hybridization 

To 20 ul of hybricfization buffer was added various amounts of target and 0.05 pmoi of probe. The AE-labefled probe 
sequence is provide by SEQ. ID. NO. 3: 5-ATCATCCATG TATTGAT* AGA TAACTATGTC TGG, where * indicates the 
45 position of the acridinium ester label. The target sequence is provided by SEQ. ID. NO. 4: 5 , -CCAGACATAG TTATC- 
TATCA ATACATGGAT GAT. The resultant solution was then heated to 60°C for 30 minutes. 

Adduction Protection 

so To a 1 2 x 75 mm tube (Sarstedt) was added 200 pi of adduct forming solution (60 mM sodium tetraborate (pH 8.8), 
2% (v/v) 7X100, 20 mM sodium sulfite). The solution was vortexed and incubated 15 seconds at room temperature. 
Chemiluminescence of the resultant solution was measured by injection of Detect I followed 0.5 seconds later by injec- 
tion of Detect IL Light emission was integrated over a 5-second period of time. 

55 Results 

As shown in Figure 3 the adduct protection assay was able to delect the presence of a target sequence using a 
large excess of acridinium ester-labelled probe and decreasing amounts of a complementary target 
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Example 3: Different Acridinium Ester Structures 

This example illustrates the use of different acricfinium ester derivatives in the adduct protection assay and the 
effect different acricfinium ester derivative structures have on adduct formation rates The effect of electron donating 
5 groups on the acricfinium ring were examined using 1 -methyl- AE and 2,7 dirnethyl-AE. The effect of differ ent leaving 
groups finked to nucleic acid were examined using o-AE, naphthyl AE. o-Me-Cin-AE, o-oTMe-AE. and o-diBr-AE. The 
structure of these different acridinium esters are shown in Figures 4 and 5. Sodium sulfite or sodium metabisufffte were 
used as the signal altering ligand. 

70 HyWgatton 

To 15 pi of 2X hybridization buffer (0.2 M lithium succinate (pH 5.2), 1.0 M Lid, 02% Triton X-100) was added 0.1 
pmol of probe (7 x 1 0 7 RLU^jmol) and 0.1 pmol of DNA target The AE-labelled probe sequence is provided by SEQ. 
ID. no 5- 5-GCTCGTTGCG GGACTT*AACC CAACAT, where * indicates the position of the acridinium ester label. The 
is target sequence is provided by SEQ. ID. NO. 6: 5' ATGTTGGQTT AAGTCCCQCA ACQAGC. The resultant solution 
was adjusted to 30 pi with water, heated at 60°C for 60 minutes, and diluted to 500 ul wtti 1X hybridization buffer, 

Adduct Protection 

In a 1 2 x 75 mm tube (Sarstedt) was added 30 uJ of borate buffer (30 mM borate (pH 8.8), 1 % Triton X1 00) and 3 
to 5 pi of probe or hybrid (2fJO.COO-300.000 RLU). To this solution was added 10 pi of 0.1 M sodium sulfite or 0.1 M 
socfium metabtsumte. The solution was then vortexed and aDowed to sit at room temperature for drfferent amounts of 
time. Cherrdhirninescence of the resultant solution was measured by injection of Detect I followed 0.5-2 seconds later 
by injection of Detect II. Light emission was integrated ever a S^econd period 



20 



25 



30 



35 



When attached to either a probe or hybrid, acridinium ester having unsubstituted acridinium rings (AE, o-AE. naph- 
thyl-AE o-Me-Cin-AE, o-diMe-AE, and <hdiBr-AE) formed adducts with socfium sutffte and sodium metabisuffite at 
about the same rate (within a factor of ten). In contrast 1-Me-AE and 2 f 7-di-Me-AE formed adducts more than ten time 
slower than the unsubstituted acridinium ester derivatives. The lower adduct formation rate by these methylated deriv- 
atives can be explained by the electron donating propert es of methyl groups which can reduce the positive change at 
the C-9 position of acrfcfiriiurh esier thereby reducing adduct formation rates. 

The results of these experiments are shown in Table I. 
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Table I 
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35 


DA refers to differential label alteration of signal production for the adduct protection assay. 



Thus, the labeTs structure affects its ability to form an adduct For example, for a label attached to a probe or hybrid; 
40 the rate of adduct formation by o-diBr-AE is 24 and 45 times faster, respectively, than the rate of adduct formation by 
2,7-diMe-AE attached to the same probe or hybrid. 

Example 4: Detection of a Single Base Mismatch 

45 This example illustrates the ability of the adduct protection assay to detect single base pair mismatches. A probe 
was hybridized to three different target sequences termed TW (wild type target), TM1 (mismatched target one), and 
TM2 (rrismatched target two). Hyt>ridization of the probe to TW yields a hybrid with no mismatches, hybridization of the 
probe to TM1 yields a hybrid with one mismatch, and riybridization of the probe to TM2 yields a hybrid with two adjacent 
mismatches. 

so The adduct formation rate of the probe hybridized with TW, TM1, and TM2 were measured. For comparison pur- 
poses, the hydrolysis rates for each probe and target were also determined using alkali solution in a hydrolytic assay. 

Probe and Target Sequences 

55 The following probe and target sequences were used in this example (where * indicates the position of the acridin- 
ium ester label): 
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AE Probe 

* SEQ. IQ. No. 7: 5*-CGTTAGTCGG ATG*GCCCAAA TATCGCCAC 
5 Wild Tvoe Target fTW 

SEQ. IQ No. 8: 5'^GTGGCGATAT TTGGGC*CATC CGAGTAACG 

Mutant Taroet 1 fTMD 

10 

SEQ.IDtNa9: 5M3TGGCGATAT TTGGGG*CATC CGAGTAACG 
Mutant Taroet 2 fTM2) 
75 SEQ. ID. No. 10: 5 1 -GTGGCGATAT TTGGGC*GATC CGAGTAACG 
Hybridization 

To 60 fiL of hybridization buffer (100 mM lithium succinate (pH 5.2). 8.5% fithium lauryl sulfate, 1.5 mM EDTA, 1.5 
20 mM EGTA) was added 2.5 pmol of target and 0.05 pmol of probe. The resultant solution was heated at 60°C for 30 min- 
utes and then diluted into 500 pi of 50 mM lithium succinate (pH 5.2). and 250 mM lithium chloride. 

Abduct Protection 

25 In a 12 x 75 mm tube (Sarstedt) was added 100 pi of borate buffer (60 mM borate (pH 8.8).2%(v/v) TX100) and 
10 uJ of probe or hybrid. To this solution was added 100 ui of 20 mM sodium sulf ite. The solution was then vortexed and 
allowed to sit at room temperature for different amounts of time. Chemhjminescence of the resultant solution was 
measured by injection of Detect I followed 0.5 seconds later by injection of Detect II. Light emission was integrated over 
a 5-second period of time. 

30 

Hvdrolvsis 

In a 12 x 75 rnmtube (Sarstedt) was added 100 pi of borate buffer (1 90 mM socfium tetraborate (pH 7.6). 6.9% (v/v) 
TX-100. 0.02% fish gelatin (Fisher)) and 10 pl of probe or hybrid. The resultant solution was heated at 60°C and at var- 
35 ious times sample was removed and added to 200 pi of 0.4 NHCI containing 0.1% (v/y) H2Q2. Cherrilurrrinescence of 
the resultant solution was measured by injection of Detect II and fight emission was integrated over a 5-second period 
of time. 

Results 

40 

The results are shown in Table II. 



Table II 





APA 


HA 


Hybrid 


Probe 
tiv2 (sec) 


Hybrid 
t iy2 (sec) 


Probe 
ti/2<min) 


Hybrid 
t 1s (nrun) 


P + TW 


3.4 


34.9 


0.68 


18.7 


P + TM1 


3.4 


58.9 


0.68 


1.91 


P + TM2 


3.4 


13.4 


0.68 


3.06 


-p- refers to probe. "APA" refers to adduct protection 
assay. "HA" refers to hydrolysis assay. 



In the hydrolysis assay, mismatched hybrids hydrolyzed faster than the same hybrid lacking a mismatch, and a sin- 
gle base pair mismatch in the assay significantly reduced signal production from the mismatched hybrid. 
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The effect of a mismatch in the adduct protection assay cfiffers markedly from the effect of a mismatch in the hydrol- 
ysis assay. In contrast to the results obtained for the hydrolysis assay, a single mismatch can result In greater, or lesser 
discrimination between label present on bound and unbound probes in the adduct protection assay. Thus, the effect of 
a mismatch on the adduct protection assay while reprodudble for a particular mismatched probertarget hybrid, can vary 

5 for different probe target hybrids {i.e., may increase or decrease protection). 

Table II also illustrates the difference in alteration of signal production rates lor the adduct protection assay and the 
hydrolysis assay. In Table II the rate of differential alteration of signal production for the adduction protection assay is 
measured in seconds, while the hydrolysis alteration of signal production rate is measured in minutes. Overall, the alter- 
ation of signal production rate was about 12 to 32 times faster in the adduct protection assay, compared to the hydroJ- 

10 ysis assay. 

Example Different Nucleic Arid Structures 

The relationship between adduct formation rates and the type of nucleic acid (RNA or DNA) present in the probe 
75 or target is summarized in this example. In these experiments, a small RNA or DNA AE-labelied probe was hybridized 
to a small complementary RNA or DNA target or to a large ribosomai RNA target For comparison purposes, the hydrol- 
ysis rates of each probe and the resulting hybrid were also determined. Unless otherwise stated the assays were car- 
ried out as descrbed in Example 3, using the following oligonucleotide: 

20 (I) Probes 

SEQ. ID. No. 5, DNA probe labelled with acridinium ester at the 16/1 7 position; and 

SEQ. ID. No. 11: GCUCGUUGCG GGACUIT AACC CAACAU, where * indicates the position of the acridinium ester 
label. 

25 

fin Targets: 

SEQ. ID. No. 6 (DNA target); and 

SEQ. ID. No. 12 (RNA target); S-AUGUUGGGUU AAGUCCCGCA ACGAGC. 

30 

Hybridization to rRNA target : 

To 1 5 nl of 2X hybridization buffer was added 2 pg (1 .25 pmoQ of E. cofi rRNA. The resultant solution was adjusted 
to 30 ul with water and heated at 70°C for 10 minutes. One-tenth pmol of SEQ. ID. No. 5 probe labelled with acridinium 
35 ester at the 16/17 position was then added to the solution. The solution was heated at 60°C for one hour, cooled to room 
temperature, and diluted to 500 pi with 1 X hybrkfization buffer. 

Results 

40 The results are shown in Table III. 



Table HI 



Probe 


Target 


Probe 
tv6(sec) 


Hybrid 
tv6(sec) 


DA 


Probe 
ti>4(rnin) 


Hybrid 
tv6(min) 


DH 


RNA 1 


RNA 3 


5.78 


78.1 


£100 


1.7 


37.9 


22.3 


RNA 1 


DNA 4 


s.78 


44.5 


£57 


1.7 


10.8 


6.35 


DNA 2 


RNA 3 


2.1 


177.7 


84 


1.4 


46.5 


34.5 


DNA 2 


DNA 4 


1.4, 2.1 


20.2. 32.8 


14.3, 15.6 


1.4 


17.6 


13 


DNA 2 


rRNA 


1.5 


73.5 


48 


1.4 


45.1 


33.2 


"DA" refers to differential adduct formation rate. "DH" refers to Differential hydrolysis rate. 
DA and DH are both measures of differential alteration ratios. "RNA 1 " refers to a probe 
of SEQ. ID. No 1 1 . "DNA 2 "refers to a probe of SEQ. ID. No. 5. "RNA 3 " refers to a target 
of SEQ. ID. No. 12. "DNA 4 " refers to a target of SEQ. ID. No. 6. 
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The behavior observed in Table HI may be related to the conformation off tie different nucleic add hybrids. 
DNA/DNA hybrids are in a B conformation, RMA/RNA hybrids are In an A conformation, and nucleic acid hybrids con- 
taining one DMA strand and one RNA strand are believed to adopt A-Iike conformations. 

5 The effect of an RNA target and/or RNA probe on discrimination is different tor the adduct protection assay and a 
hydrolysis assay. In the adduct protection assay disaimination increases when both the target and probe are RNA. In 
contrast for the hydrolysis assay the largest amount of discrimination was observed for a DMA probe and RNA target 
Moreover, the adduct protection assay provided more discrimination than the hydrolysis assay under the experimental 
conditions used in the example. 

70 Overall, the A-fike conformations exhibited adduct formation rates similar to A conformations. In contrast the 
hydrolysis rates of these A-like conformations resemble the hydrolysis rate off a B conformation when the target strand 
is DMA while they resemble the hycfrolysis rate of an A conformation when the target strand is RNA. Thus, adduct for- 
mation rates depend upon whether a probe and/or target is DMA or RNA and these rates do not directly correlate with 
the corresponding hydrolysis rates of labels identically associated with these molecules. 

75 

Example ft I ^ Placement Effects Using an AE-Ufrej 

To examine the dependence of adduct formation rates on the location of the acridinium ester linker site, a set of 
probes containing an acridinium ester linker site at different positions along the probe were prepared. This set of probes 

20 were then hybridized to complementary targets and the resulting AE-labelled hybrids and AE-labelled probes reacted 
with sodium sulfite. For comparison purposes, the hydrolysis rates off the same sett of probes and hybrids were meas- 
ured by a hydrolysis assay. As summarized below, adduct formation rates vary greatly (10-fold) from one base to the 
next along a hybrid and less (2.6-fold) from one base to the next along a probe, in contrast, the variation of hydrorysss 
rates along a hybrid or probe are smaller (2-fo*d and 1.6-foW, respectively). Thus, the ability of an aciducf to dscrirronate 

25 between an AE-labelled probe and an AE-labelled hybrid can be greatly enhanced by varying the position off the AE 
linker site. 



Table IV 





LINKER SITE 




7/8 


9/10 


11/12 


12/13 


13/14 


14/15 


15/16 


17/18 


Probe t 1/2 (sec) 


1.3 


273 


1.4 


1.4 


3.4 


2.8 


1.8 


2.4 


Hybrid t 1/2 (sec) 


29.4 


65.3 


12.1 


39.2 


34.9 


19.9 


22.7 


122 


DA 


22.6 


28.4 


8.6 


28 


10.3 


7.1 


12.6 


50.8 


Probe t 1/2 (sec) 


0.63 


0.68 


0.9 


0.95 


0.68 


0.7 


0.76 


0.99 


Hybrid t iy2 (sec) 


18.6 


16.5 


13.3 


195 


18.7 


20.6 


28 


21.3 


DH 


29.5 


24.3 


14.8 


20 


27.5 


29.4 


36.8 


21.5 


The assays were carried out as described in Example 4. 



45 



Example 7: Performance of Different Signal Altering liaartds 

To facilitate detection of an analyte by preferential alteration of signal production from an unbound label, it is cmpcr- 
so tant that an adduct-forrrong compound react strongly with the label. Table V summarizes experiments where various 
nudeophHes are reacted with an unbound AE-labelled probe 

For each nucJeophfle, the percentage off probe which did not form an adduct was determined over a range of nude- 
ophfle concentration. Compounds containing a free pair of electrons on atoms other than sulfur (suiiate, hypophosphfte) 
did not form strong adducts with acridinium ester. 
55 In contrast compounds containing sulfur atoms with a free pair of electrons formed strong adducts with acridinium 
esters (tetrahydrothiophene, propanediol, sodium sulfite, benzyl mercaptan, sodium hydrosulfrte, glycol suSTite, metabS- 
sulfite, sodium th'toprtosphate, and sodium thiosuKate). Only one sulfur containing compound, propyl disulfide, failed to 
form a strong adduct to acridinium owing to its limited water solubility. In addition to surfor, compounds containing 
another group Vlb atom (potassium tellurite) or a group Vlb atom (metaarserote) also formed strong adducts with acrid- 
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inium ester. 

To measure the ability of signal altering ligands to preferentially inhtort unbound AE-tabefled probe, equivalent 
amounts of unbound and bound probe (AE-hybrid) were reacted with different concentrations of each signal altering fig- 
and using the procedures described in Example 1 . Discrimination was measured either WneticaJly by calculating a DA 

5 ratio or thernvsdynamicaOy by calculating the percentage of hybrid and probe which dSd not form an adduct at equilib- 
rium (% hybrid/% probe). Signal altering ligands which do not discriminate between unbound AE-probe and AE-hybrid 
exhibit a DA or (%hybriaV%probe) ratio of 1 while those which do discriminate between labels present on unbound and 
bound probes exhibit ratios greater than 1. 

As summarized in Table V, nearly all compounds which formed strong adducts with label present on unbound probe 

10 formed adducts more readily with label present on unbound probe than with label present on bound probe. Compounds 
which did not discriminate contained either a sulfur atom corrugated to an aromatic ring (thtophenol, 5-mercapto-l- 
methyl tetrazole, or 2-mercaptoimidazole) or a sulfur atom conjugated to a nitrite group (thiocyanate). 



TABLE V 



I Compound 


Concentration 


% Probe at 


DA 


%W%? at 




(nM) 


equilibrium 




equilibrium 


Propytdisulfide 


2 


41 


13.6 


2 




20 


60,40 




1.5,2 




50 


40 




2 


Sodium' sulfate 






4 






200 


60 


3 


1.7 


Sodium 


2 


65 




1.2 


Hypophosphite 


200 


53 


4 


1.6 




500 


55 







40 



45 



50 



55 
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10 



15 



20 



25 



30 



35 



AO 



45 



50 



I 




75 






Tetrahydro- - 


2 


- 




thiophene 


20 


19 




2.5 




100 


<0.2 




40 


Propanediol 


2 


4 




21.4 




20 


2 


10 


20.5 




200 


<1 




<1.7 


Sodium Sulfite 


2 


2 


5.5 


21.6 




20 


0.4,0.7 


- 


23.6,12.7 




200 


<0.1 


- 


2.9 


Benzyl- 


0.05 


2.5 


47 


25 


mcrcaptan 


0.1 


1.5 


41.5 


31 




0.5 


0.3 . 




20 




2 


<0.05 


_ 


24 




10 


<0.05 


- 


30 


Sodium 


2 


4 


5.4 


10 


Hydrosulfite 










Glycol Sulfite 


2 


<2.5 


6.1 


>22 


Sodium 


4(pH 8 8) 


0.3 


>13.7 


2.3 


Metabtsulfite 


4(pH 7.9) 


1 


79 






20(pH 8.4) 


<0.2 




1 


Sodium 


20 


42 


- 


- 


Thiosulfate 


200 


3 


- 


>8 




500 


4 


- 


>7 


Sodium 


20 


1 


- 


81 


Thiophosphatc 


50 


0.3 




134 




100 


<1 


- 






200 


<1 




1.2 


Sodium 


20 (pH 9.4) 


40 


- 


2.4 


MetaArsenite 


100 (pH 10) 


<0.3 




> 170 




200 (pH 10.3) 


<0.3 




> 10,20 


Potassium 


20 


<8 


>4 


> 10.2 


Tellurite 


200 


<1 


- 


>92 


Sodium 


1 


70 


- 


- 


Tbiocyanate 


4 


55 


- 


1.3 




20 


23 


- 


1.3 




100 


6 


- 


1.3 






i 




1 A 

1 .V 


Thtophenol 


0.5 


56 




1.2 




I 


39 




1.2 




2 


57 


1.3 






10 


0.9 




2 



55 
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43 


1 


I? 




J 5-Mcrcapto-l- 


1 


Mcihyl-ietrazol 


2 






1.1 






4 


22 


* 


1 






20 


6 




I.I 






200 


0.5 




I 




2-Mercapto 


0.5 




0.8 






Imidazole 


1 


80 










4 


55 




1.2 






20 


22 




1.3 






200 


0.8 




1 





Example 8: Effect d Sequence on APA 

20 

To examine the dependence of adduct formation rates on the sequence of a nucleic acid, DMA probes: SEQ. ID. 
No. 1 (labelled with AE at the 7/8 position), SEQ. ID. No. 5 (labelled with AE at the 16/17 position), and SEQ. ID. No. 13 
(SEQ. ID. No. 13: 5'-CTAAAGCGCT TTCCACCACA AGAC, where * indicates the position of the acridinium ester labeQ 
were hybridized to complementary DNA targets (SEQ. ID. No 2, SEQ. ID No. 6, or SEQ. ID. No 14 (5M3TCTTGTGGT 
25 GGAAAGCGCT TTAG) and reacted with sodium guff He. 

METHOD A 

Method A was performed as described in Example 3. 

30 

METHOD B 

Method B was performed as follows: 
35 Hybridization 

To 15 uJ of 2X hybridization buffer was added 1 pmol of AE-labetled probe (7 x 1 0 7 RLUfamol) and 4 pmol of target 
The resultant solution was adjusted to 30 ui with water, heated at 60°C for 30 minutes, and diluted to 500 uJ with 1X 
hybridization buffer. 

40 

Adduct Protection 

In a 12 x 75 mm tube (Sarstecfl) was added 2 pi of AE-labelled probe or hybrid (400,000 RLU). To this solution was 
added 100 (il of adduct forming buffer (10 mM sodium suffite, 30 mM borate buffer (pH 8.7), and 1 .5% Triton TX100). 
45 The solution was then vortexed and allowed to sit at room temperature for different amounts of time. Chemilumines- 
cence of the resultant solution was measured by injection of Detect I followed 0.5-2 seconds later by injection of Detect 
II. Light emission was integ/ated over a 5-second period. 

Results 

50 

The results of these experiments are shown in Table VI. 



55 
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Table VI 



Condition 


Probe (SEQ. 
ID. No.) 


Target (SEQ. 
ID. No.) 


Probe 
tii9 (sec) 


Hybrid 
*172 (sec) 


DA 


A. 10 mM sodium sulfite, 30 
mM borate pH 8.8, 1% TX100 


13 


14 


<0.64 


9.1 


>14.2 


5 


6 


1.75 


26.5 


15 


B. 10 mM sodium sutfite. 30 
mM borate pH 8.7 1.5% TX100 


5 


6 


2.1 


31 


U.7 


1 


2 


<0.9 


15 


>15.5 


SEQ. ID. No. 1 was labelled with AE at the 7/8 position, SEQ. ID. No. 5 was labelled with AE at the 
16/17 position), and SEQ. ID. No, 13 was labelled with AE at the 11/12 position. 



15 4« 

The three different AE-labelled probe sequences as well as their corresponding hybrids react with sodium sulfite to 
different degrees. Probe SEQ. ID. No. 5 reacts more slowly than probe SEQ. ID. No 1, which reacts in turn more slowly 
than probe SEQ. ID. No. 13. Thus, adduct formation rates is effected by the sequence of the AE-labeiled probe as well 
20 as the sequence of the corresponding hybrid. 

Other embodiments are within the following daims. Thus, while several embodiments have been shown and 
descrbed. various modifications may be made, without departing from the spirit and scope of the present invention. 



25 



35 



AO 
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SEQUENCE LISTING 



(1) GENERA! INFORMATION: 

(i) APPLICANT: 

(A) NAME: GEN- PROBE INCORPORATED 
10 (B) STREET: 9880 Campus Point Drive 

tC) CITY: San Diego 

(D) STATE: CA 

(E) COUNTRY: USA 

IF) POSTAL CODE (ZIP) : 92121 



15 



25 



35 



(ii) TITLE OF INVENTION: ADDUCT PROTECTION ASSAY 



20 (Hi) NUMBER OF SEQUENCES: 14 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: T«M PC compatible 

tC) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 



30 (2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



40 (ii) MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

^ GGGGTTCTTT TCGCCTTTCC CTCACGG 27 

(2) INFORMATION FOR SEQ ID NO: 2: 

.* ■ 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

CCGTGAGGGA AAGGCGAAAA GAACCCC 27 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 

<xi> SEQUENCE DESCRIPTION: SEQ ID NO: : 

ATCATCCATG TATTGATAGA TAACTATGTC TGG 33 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 
<xi> SEQUENCE DESCRIPTION : SEQ ID NO: 

CCAGACATAG TTATCTATCA ATACATGGAT GAT 33 

(2) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid . 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

GCTCGTTGCG GGACTTAACC CAACAT 26 

(2) INFORMATION FOR Si,w ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

ATGTTGGGTT AAGTCCCGCA ACGAGC 26 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

<B) TYPE: nucleic acid 

<C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

CGTTACTCGG ATGGCCCAAA TATCGCCAC 29 

(2) INFORMATION FOR SEQ ID NO: 8: 
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15 



<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology: linear 

(ii) MOLECULE TYPE: nucleic acid 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

GTGGCGATAT TTGGGCCATC CGAGTAACG 29 



(2) INFORMATION FOR SEQ ID NO: 9: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 

30 *xi) SEQUENCE DESCRIPTION: SEQ ID NO 

GTGGCGATAT TTGGGGCATG CGAGTAACG 29 

35 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

40 (A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 
<C> STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 

(ii) MOLECULE TYPE: nucleic acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

50 GTGGCGATAT TTGGGCGATC CGAGTAACG 29 
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(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 



CA) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 



GCUCGUUGCG GGACUUAACC CAACAU 26 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 



AUGUUGGGUU AAGUCCCGCA ACGAGC 26 



(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: nucleic acid 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 



CTAAAGCGCT TTCCACCACA AGAC 24 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: nucleic acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GTCTTGTGGT GGAAAGCGCT TTAG 24 

Claims 

25 

1. A method of assaying for an analyte in a sample comprising the steps of: 

a) exposing said sample to a labelled binding partner comprising an analyte binding region and a label, 
wherein signal production from said label is preferentially protected from alteration by a signal altering figand 

so when said labelled binding partner is bound to said analyte; 

b) treating said sample exposed to said binding partner with said figand; and 

c) detecting signal produced from label which was not altered 

2. The method of daim 1 , wherein said binding partner is a nucleic acid probe and said analyte is a target nucleic acid 
35 sequence 

3. The method of daim 1 , wherein said assay is performed without separating binding partner bound to said analyte 
from bincSng partner not bound to said analyte. 

40 4. The method of daim 1 , further comprising separating binding partner bound to said analyte from bincSng partner 
not bound to said analyte prior to said step (c). 

5. The method of daim 1 , wherein said steps (b) and (c) are carried out at an essentialy constant ternperatura 
45 6. The method of daim 5, wherein said assay is carried out at about room temperature 
7. The method of daim 1, wherein light absorbance is detected in said step (c). 
8- The method of daim 1 , wherein light emission is detected in said step (c). 

50 

9. The method of claim 1 . wherein said ligand comprises either a sulfur atom with a free electron pair, a tellurite atom 
with a free electron pair, or an arsenite atom with a free electron pair, wherein said sulfur atom, said tellurite atom, 
or said arsenite atom is not conjugated to an aromatic ring or nrtrile. 

55 10. The method of claim 1 , wherein said ligand is selected from the group consisting tetrahydrothicpene, prcpanethioL 
benzylmercaptan, sulfite, glycol sulfite, hydrosulfrte, metabisulfite, thiosulfate, thiophosphate, metaarsenite, tellur- 
ite, arsenite and thiocyanate. 

1 1 . The method of daim 8, wherein said ligand comprises either a sulfur atom with a free electron pair, a tellurite atom 
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with a free electron pair, a an arsenite atom with a free electron pair, wherein said sulfur atom, said tellurite atom, 
or said arsenite atom is not conjugated to an aromatic ring or nrtrile* 

12. The method of daim 8, wherein said ligand is selected from the group consisting tetrahydrothiopene, propanediol,* 
s benzytmercaptan, sulfite, glycol suffrte, hydrosuffite, metabisulfite, thiosulfate, thiophosphate, metaarsenite, tellur- 
ite, arsenite and thiocyanata 

13. The method of claim 1, wherein said label has the chemical structure: 



70 



15 



20 



25 




wherein the aryl ring system comprises one to four cyclic groups and one of said groups is joined to linking 
30 carbon *c," 

R2 is selected from the group consisting of S, O, and NH; 

R3 is selected from the group consisting of O, N, S, halogen, substituted phosphorous, substituted sulfur, sub- 
stituted boron, and substituted arsenic; 
35 R4 is selected from the group consisting of alkyt, alkenyl, aryl, alkoxy, arytoxy, or is absent when R3 is halogen; 

and 

R5 is nothing unless R3 is N, if R3 is N then R5 is selected from the group consisting of hydrogen, alkyl, alkenyf, 
aryl, alkoxy, and arytaxy. 

40 14. The method of claim 13, wherein said aryl system is positively charged. 

15. The method of claim 14, wherein said aryl ring systems has one to four cyclic groups; 

said R3 is selected from the group consisting of O, N, and S, 
said R4 is aryl, 
45 and said R 5 is nothing. 

16. The method of claim 15, wherein said label has the structure: 
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wherein R n is selected from the group consisting of H, alkyl, alkenyl, alkynyi, and aryl; 

n is either 0, 1,2, 3, or 4; 
m is either 0, 1, 2, 3, or 4; 

each X is independently selected from the group consisting of alkyl, alkenyl, alkynyi, aryl, amino, substituted 
amino, carboxy, hydroxy, aB<oxy, nitro, suHonyt, halogen, thiol, amido, acetyl, substituted acetyl, and aryksxy; 
and 

each Y is independently selected from the group consisting of alkyl, alkenyl, alkynyi, aryl, amino, substituted 
amino, carboxy, hydroxy, alkoxy, nitro, sulfonyt, halogen, thiol, amido, acetyl, substituted acetyl, and arytoxy. 

17. The method of claim 16, wherein 

said n is either 0, 1 or 2; 

said m is either 0, 1 , or 2; 

said R3 is O, 

said R4 is aryl, 

and said R5 is nothing. 

18. The method of daim 17, wherein each of said X is independently either alkyl or alkoxy; 

each of said Y is independently either alkyl or alkoxy; and 
said R4 is an optionally substituted phenyl 

19. The method of daim 18, wherein said R 4 is selected from the group consisting of onfrMnethylKartnarTiatei^ 
orttoKfimethyl-phenyl, o/t/7o^toronrK>i^eny1 and unsubstituted phenyl. 

20. A-method for assaying for a nudeic add target region in a sample comprising the steps of: . 

a) exposing said sample to a nudeic acid probe comprising an oTigonudeotide having a nudeic acid sequence 
able to bind to said target region and a label, wherein signal production from said label is preferentially pro- 
tected from being altered by a signal altering ligand when said label is present on a probe bound to said target 
region; 

b) treating said sample exposed to said probe with said ligand; and 

c) detecting signal produced from label which was not altered 

21. The method of daim 20, wherein said target is RNA. 

22. The method of daim 20, wherein said assay is performed without separating probe bound to said analyte from 
probe not bound to said analyte 

23. The method of daim 20, further comprising separating probe bound to analyte from probe not bound to analyte 
prior to said step (c). 

24. The method of claim 20. wherein said steps (b) and (c) are carried out at an essentially constant temperature. 
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2S The method of ciaim 24, wherein said assay is carried out at about room temperature. 
26. The method of claim 20, wherein light absorbance is detected in said step (c). 
5 27. The method of daim 20, wherein ligrrt errissfon is delected in said step (c). 
2a The method of daim 27, wherein said label has the chemical structure: 
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wherein said aryl ring system comprises one to four cydic groups, one of said groups being an aryl joined 
30 to linking carbon "c" 

R2 seized from the group consisting of S, O, and NH; 

R3 is selected from the group consisting of 6, N, S, halogen, substituted phosphorous, substituted sulfur, sub- 
stituted boron, and substituted arsenic; 
35 R4 is selected from the group consisting of alkyl, alkenyl, aryl, altocy, and arytaxy, or is absent when R3 is hal- 

ogen; and 

R 5 is nothing unless R3 is N, H R3 is N then R5 is selected from the group consisting of hydrogen, alkyl, alkenyl, 
aryl, altocy, and arytaxy. 

40 29i The method of daim 28, wherein said aryl system is positively charged. 

30. The method of daim 29, wherein said aryl ring systems has one to four cyclic groups; 

said R3 is selected from the group consisting of O. N,and S, 
said R4 is aryl, 
45 and said R5 is nothing. 

31. The method of claim 30, wherein said label has the structure: 
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wherein Rj is selected from the group consisting of H, alkyl, alkenyl, alkynyl, and aryl; 

20 n is either 0, 1,2,3, or 4; 

m is either 0. 1, 2, 3, or 4; 

each X is independently selected from the group consisting of alkyl, alkenyl, aJkynyl, aryl, amino, substituted 
amino, carboxy, hydroxy, aJkaxy. nitro, suHonyi, halogen, thiol, amido, acetyl, substituted acetyl, and arytoxy; 
and 

25 each Y is independently selected from the group consisting of alkyl, alkenyl. alkynyl, aryl, ammo, substituted 

amino, carboxy, hydroxy, aitaxy. nitro. sulfonyl, halogen, thiol, arrrido. acetyl, substituted acetyl, and arytoxy. 

32. The method of claim 31, wherein 
said n is either 0, 1 or 2; 
30 said mis either 0, 1, or 2; 

said R3 is O, 
said R4 is aryl, 
and said Rs is nothing. 

35 33. The method of claim 32, wherein each of said X is irKlependently either alkyl or alkoocy; 
each of said Y is independently either alkyl or alkoxy; and 
said R4 is an optionally substituted phenyl. 

34. The method of claim 33. wherein said R 4 is selected from the group consisting of o/1r>o^ethyl^nnarnate-phenyl. 
40 ortfwnjimethyl-phenyt, ort/x>dtoc*no-phenyl and unsubstrtuted phenyl. 

35. The method of claim 20, wherein said ligand is selected from the group consisting tetrahydrothiopene, pro- 
panethtol, benzylmercaptan, suffile, glycol sulfite, hydrosulfite, metabisulfite, thiosurfate, triphosphate, 
metaarsenrte, tellurite, arsenite and thiocyanate. 

45 

36. The method of claim 20, wherein said ligand comprises either a suHur atom with a free electron par. a tellurite atom 
with a free electron pair, or an arsenite atom with a free electron pair, wherein said sulfur atom, said teUurfte atom, 
or said arsenite atom is not conjugated to an aromatic ring or nrtrie. 

so 
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